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[54] Title of the Invention: A fluidized bed catalyst for acrylonitrile production 
[57] Abstract 

This invention is a type of fluidizing bed catalyst for acrylonitrile product characterized 
by the fact that the carrier silicon dioxide of the catalyst is a raw material preparation in which 
silicon sol is the raw material, and the average diameter of the colloidal particles of this silicon 
sol at the time of preparation is 10-200 nm, its concentration is 5-60% (weight percent), the 
sodium content in the silicon sol is 100-2500 ppm, and the pH of the silicon sol is 7-12. A 
catalyst prepared with the said carrier has the following advantages: a high degree of anti- 
abrasion strength, good catalytic activity, a simple preparation process, and easy control, so that 
catalytic activity is more suitable to the requirements of fluidized beds. 
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Claims 



We claim: 

1 . A type of fluidized bed catalyst for use in the ammoxidation of propylene to 
manufacture acrylonitrile and that comprises a silicon dioxide carrier and mixture with the 
following chemical formula: 

A a BbCcNidCo e NafFegBihMiMojOx. 

In the formula, A is potassium, rubidium, cesium, samarium, thalium, or a mixture of 
these; B is manganese, magnesium, strontium, calcium, barium, lanthanum, rare earth elements 
or a mixture of these; C is phosphorus, arsenic, boron, antinomy, chromium, or a mixture of 
these; and M is tungsten, vanadium, or a mixture of these. 

a is 0.01-1, b is 0.1-3, c is 0.01-2, d is 0.01-8, e is 0.01-12, f is 0.02-0.7, g is 0.01-8, h is 
0.01-6, i is 0.01-6, j is 6-1 1.99, and x is a total atomic number that satisfies the chemical valence 
of each element in the catalyst; the combination of i and j in the formula always equals 12. 

The amount of silicon dioxide carrier in the catalyst is 30-70% (weight percent). The 
optimal silicon sol is raw material in which the silicon sol concentration is confirmed to be 5- 
60% (weight percent). The diameter of the colloidal particles in the silicon sol is 10-200 nm; the 
pH, 7-12; and the sodium content in the silicon sol, 100-2500 ppm. 

2. The catalyst described in Claim 1 characterized by the fact that the silicon sol 
concentration is 30-40% (weight percent). 

3. The catalyst described in Claim 1 characterized by the fact that the diameter of the 
colloidal particles in the silicon sol is 15-90 nm. 

4. The catalyst described in Claim 1 characterized by the fact that the pH of the silicon 
sol is 9-11. 

5. The catalyst described in Claim 1 characterized by the fact that the sodium content in 
the silicon sol is 500-1500 ppm. 



Specifications 



This invention relates to a fluidized bed catalyst for the propylene ammoxidation 
production of acrylonitrile and is characterized by a silicon dioxide carrier of the catalyst. 

Acrylonitrile is an important organic raw material in the chemical industry and is 
produced by propylene going through an ammoxidation reaction. A great deal of research has 
been done to obtain a highly reactive fluidized bed catalyst with high selectivity and a series of 
advances have been made. For the most part, these advances have been related to catalyst 
activity component and very little has been done on catalyst carriers. In the process of propylene 
ammoxidation manufacture of acrylonitrile, it is generally possible to use catalyst carriers such 
as the following: silicon dioxide, diatomaceous earth, pumice, and quartz sand. However, silicon 
dioxide is used most often. The source of silicon dioxide in a catalyst can be silicon sol or silicon 
gel that is previously made into tiny balls of silicon sol or ethyl ester silicate, etc., with silicon 
sol being optimal. 

While the silicon dioxide carrier has no catalytic activity in regard to the propylene 
ammoxidation production of acrylonitrile, it does have a major effect on dispersal conditions of 
the above-mentioned active component in the catalyst and on the porous structure and material 
properties of the catalyst. For fluid bed acrylonitrile catalysts, certain physical properties and 
anti-abrasion strength are extremely important. 

Only a small amount of literature exists on advances in silicon dioxide carriers. Most of 
the published patents target antimony-system catalysts in which antimony oxide is used as the 
base component. For example, [Japanese] Examined Patent Application Sho 57-26592 proposes 
the following requirements in an antimony-system catalyst: average colloidal particle diameter in 
the silicon sol of 5-100 nm and silicon dioxide concentration of 10-60%. [Japanese] Examined 
Patent Application Hei 2-47264 proposes using two types of silicon sol with different colloidal 
particle diameters when manufacturing an antimony-system catalyst. The catalyst thus 
manufactured has comparatively good anti-abrasion strength. Colloidal particle diameter in the A 
type silicon sol is 5 < Da < 50 n, and the B type colloidal particle diameter is 0.1 < Da/Db < 0.9. 
There is even less literature on molybdenum-system catalysts. [Japanese] Examined Patent 
Application Hei 3-16177 proposes a silicon dioxide carrier that uses two components with 
manufacturing an antimonite catalyst: one type of microparticle silicon dioxide that is roasting 
manufactured with silicon tetrachloride at high temperature and another type that is a silicon sol. 
At the same time, these methods have been applied to the manufacture of molybdenum-system 
catalysts (US 4280929) to increase anti-abrasion strength. Of the above publications, the 
methods using silicon gel are very complicated, difficult to control, and require at least 
secondary additions of silicon sol. To obtain a type of more convenient catalyst preparation and, 
at the same time, to manufacture a catalyst with better strength and activity that is even better 
suited to propylene ammoxidation production of acrylonitrile fluidized beds, we discovered an 
even better type of catalyst. 

The design of this invention is realized through the working examples described below. 
The fluidized bed catalyst used in this invention is composed of a mixture of a silicon dioxide 
carrier and the components of the following chemical formula: 

AaBbCcNidCoeNafFegBihMiMojOx. 



In the formula, A is potassium, rubidium, cesium, samarium, thalium, or a mixture of 
these; B is manganese, magnesium, strontium, calcium, barium, lanthanum, rare earth elements 
or a mixture of these; C is phosphorus, arsenic, boron, antinomy, chromium, or a mixture of 
these; and M is tungsten, vanadium, or a mixture of these. 

a is 0.01-1, b is 0.1-3, c is 0.01-2, d is 0.01-8, e is 0.01-12, f is 0.02-0.7, g is 0.01-8, h is 
0.01-6, i is 0.01-6, j is 6-1 1.99; the combination of i andj in the formula always equals 12; and x 
is a total atomic number that satisfies the chemical valence of each element in the catalyst. 

The amount of silicon dioxide carrier in the catalyst is 30-70% (weight percent) and 
preferably 40-60% (weight percent). 

The present inventors have disclosed improvement results of aspects such as chemical 
components, manufacturing methods, and industrial applications of related catalysts in Chinese 
Patents 1033014A (CN 1005248B), 1022439A (CN 1013079B), 1061 163A (US 5177048), 
1054914A (CN 1021638B, US 5223469, EP 484792A) and 1061 166A, respectively. The present 
patent describes novel results of a silicon dioxide carrier related to the above catalysts. 

The raw materials used in the catalyst of this invention were 

component A that is preferably salt nitrate, hydroxide, or salts that decompose as an 
oxide; 

component B, which can be an oxide or salts that can decompose as an oxide. 

Component B is phosphorus and arsenic and boron that optimally use the corresponding 
acid or its ammonium salt, chromium that optimally uses chromium trioxide (six valence 
chromium) and chromium nitrate or a mixture of the two, antinomy for which diantimonony 
trioxide, diantimony pentaoxide, halogenate of hydrolysable oxides and antimony sol can be 
used. 

The following can be used for the component sodium: sodium nitrate, sodium 
hydrochloride, sodium silicate, or a decomposed sodium compound. The amount of sodium in 
the silicon sol should be deducted from the amount of added sodium. 

The tungsten in component M can be in the form of tungsten oxide or ammonium 
tungstate. Metaammonium vanadiate is used for the vanadium. 

To ensure that the catalyst has a comparatively high level of activity and good anti- 
abrasion strength, a raw material made into a silicon dioxide carrier needs to use a type of 
specially stipulated silicon sol relative to the above-mentioned molybdenum-system catalysts. If 
the average colloidal particle diameter of the said silicon sol is too small, the pore size of the 
manufactured catalyst will be small, thus resulting in carbon overproduction of oxides at the time 
of ammoxidation and reduced selectivity. In addition, overly small colloidal particle size will 
cause the sprayed thick liquid to be excessively viscous and unstable, so that it is prone to 
gelling. If the colloidal particle diameter is too large, the manufactured catalyst will have poor 
anti-abrasion strength. The required average colloidal particle diameter of this patent is 10-200 
nm and optimally 15-90 nm. The concentration of silicon dioxide in the silicon sol is 5-60% 
(weight percent), and optimally 30-40% (weight percent). If the concentration of silicon dioxide 
is too low, the manufactured catalyst will have a low degree of packaged density, resulting in 
high consumption. The pH value of the silicon sol and the chemical composition of the catalyst 
are related. The chemical formula described above in this patent supposes a pH value of 7-12 and 



optimally 9-11. The sodium content in the silicon sol is 100-2500 ppm and preferably 500-1500 
ppm. 

The said silicon sol and catalyst components are mixed with water to form a paste, spray- 
dried and formed into micro balls, and finally put through roasting manufacture to create a 
catalyst. Paste preparation is done with an aqueous solution of the various catalyst components 
and the silicon sol according to the method described in Chinese Patent CN 1005248. 

Use of a catalyst prepared according to the method described above results is good 
activity, selectivity, and anti-abrasion strength in a fluidized bed reactor and obtains die expected 
results. 

Below are working examples of the catalyst of this invention. In them, the propylene 
conversion rate, acrylonitrile selectivity, and yield per pas are defined as follows: 

propylene conversion rate (%) = (reacted propylene mole number) / (propylene added 
material mole number) X 100 

acrylonitrile selectivity (%) = (produced acrylonitrile mole number) / reaction propylene 
mole number) X 100 

acrylonitrile yield per pass (%)= (produced acrylonitrile mole number) / (propylene 
added material mole number) X 1 00. 



Working Example 1 

The following were mixed to form material (A): 9.2 g weight concentration 20% 
arsenic nitrate solution; 13.4 g weight concentration 20% rubidium nitrate, and 8.9 g weight 
concentration 20% cesium. 

A total of 23.7 g ammonium tungstate was dissolved in 100 mL weight concentration 5% 
ammonium water and then mixed with 368.3 g ammonium molybdenate and 300 mL water 
heated to 50-95°C to form material (B). 

A total of 79.2 g bismuth nitrate, 52.1 manganese nitrate, 131.9 g iron nitrate, 21 1.1 g 
cobalt nitrate, 121 .3 g nickel nitrate, and 29.0 g chromium nitrate was mixed and added to 70 mL 
water, heated, and dissolved to form material (C). 

The average colloidal particle diameter of the silicon sol to be used was 25 nm, the 
sodium content (calculated as sodium oxide) was 1350 ppm, and the pH was 9. 

Material (A) and 1250 g weight amount, 40% concentration of the above-mentioned 
sodium solution were mixed, 5.23 g weight concentration 85% phosphoric acid and materials (B) 
and (C) added under agitation, and the solution adequately agitated to obtain a gel. According to 
the usual method, the gel was formed into micro balls during spray drying and finally roasted for 
1 hour in a roasting furnace with an interior diameter of 89 mm and a length of 1 700 mm. 

The specific surface area of the manufactured catalyst was 25 m 2 /g. The packaged density 
was 0.98 g/mL, and the anti-abrasion strength was 2.7% (based on the Test Methods for Synthetic 
Cracking Catalysts measurement method). 



The manufactured catalyst was placed in a fluidized bed reactor with an interior diameter 
of 38 mm. Results of the activity evaluation at a reaction temperature of 435°C, reaction pressure 
of 0.08 MPa, propylene : ammonium : air = 1:1:10.0 (moles), and [illegible] of 0.045. 

propylene conversion rate: 97.5% 

acrylonitrile yield per pass: 8 1 .0% 

acrylonitrile selectivity: 83.1% 

Working Example 2 

The amount of raw materials added was the same as in Working Example 1. The carrier 
silicon sol specifications were the same except for a sodium amount of 900 ppm, and the catalyst 
manufactured according to the method in Working Example 1 had a specific surface area of 16 
m /g and anti-abrasion strength of 4.0%. The activity evaluation conditions were the same as in 
Working Example 1. The results were as follows: 

propylene conversion rate: 98.3% 

acrylonitrile yield per pass: 8 1 .5% 

acrylonitrile selectivity: 82.9% 

Working Example 3 

The amount of raw materials added was the same as in Working Example 1. The carrier 
silicon sol specifications were the same except for a sodium amount of 500 ppm, and the catalyst 
manufactured according to the method in Working Example 1 had a specific surface area of 19 
m /g and anti-abrasion strength of 6.5%. The activity evaluation conditions were the same as in 
Working Example 1 . The results were as follows: 

propylene conversion rate: 99.4% 

acrylonitrile yield per pass: 8 1 .6% 

acrylonitrile selectivity: 82. 1 % 

As can be seen from this example, when the sodium content in the silicon sol is too low, 
the catalyst lacks anti-abrasion strength. Although the catalytic activity was comparatively high, 
acrylonitrile selectivity fell. 

Working Example 4 

A catalyst manufactured according to the method described in Working Example 1 was 
prepared by mixing the following ingredients: 

material (A) made up of 9.0 g 20% weight concentration of cerium nitrate solution, 41 .0 
g samarium nitrate solution, and 24.6 g thalious nitrate solution; 



material (B) made up of 24.1 g ammonium tungstate dissolved in 100 mL 5% weight 
concentration ammonium water solution, then mixed with 374.1 g ammonium molybdenate and 
300 mL water heated to 50-95°C; 

material (C) made up of 80.4 g bismuth nitrate, 134.0 g iron nitrate, 52.9 g manganese, 
94.5 g magnesium nitrate, 107.2 cobalt nitrate, 123.2 nickel nitrate, 29.5 g chromium nitrate, and 
70 mL water. 

The sodium content in the carrier silicon sol was 1000 ppm, the average diameter of 
colloidal particles was 30 nm, the silicon dioxide content was 40% (weight per cent), and the pH 
was 9.5 

The above-mentioned materials (A), (B), and (C) were mixed with 1250 g silicon sol and 
5.3 g, 85% weight concentration phosphoric acid, spray molded, roasted, and formed into a 
catalyst. 

The specific surface area of the manufactured catalyst was 16 m 2 /g, the packaged density 
was 1.02 g/mL, and the anti-abrasion strength was 3.0%. The activity evaluation conditions were 
the same as in Working Example 1 . The results were as follows: 

propylene conversion rate: 97.5% 

acrylonitrile yield per pass: 79. 5% 

acrylonitrile selectivity: 81.5% 



Working Example 5 

A catalyst manufactured according to the method described in Working Example 1 was 
prepared by mixing the following ingredients: 

material (A) made up of 1 1 .0 g 20% weight concentration sodium nitrate, 17.5 g arsenic 
nitrate, and 8.5 g cesium nitrate; 

material (B) made up of 4. 1 g metaammonium vanadiate and 361 .0 g ammonium 
molybdenate mixed with 300 mL water heated to 50-95°C; 

material (C) made up of 84. 1 g bismuth nitrate, 140.0 g iron nitrate, 75.2 g cerious nitrate, 
242.0 g cobalt nitrate, 74.6 g manganese nitrate, 18.7 g nickel nitrate, 1 1.5 g thalium nitrate, and 
100 mL water. 

The carrier silicon sol had a sodium content of 700 ppm, average colloidal particle 
diameter of 20 nm, weight concentration of 40%, and pH of 9.0. 

The above-mentioned materials (A), (B), and (C) were mixed with 1250 g silicon sol and 
16.1 g boric acid mixture, spray formed, and roasted for 0.5 hours at 600°C to manufacture a 
catalyst. 

The specific surface area of the manufactured catalyst was 20 m 2 /g, the packaged density 
was 0.98 g/mL, and the anti-abrasion strength was 3.0%. The activity evaluation conditions were 
the same as in Working Example 1 . The results were as follows: 

propylene conversion rate: 98.0% 



acrylonitrile yield per pass: 



81.3% 



acrylonitrile selectivity: 



82.9% 



Working Example 6 

A catalyst was manufactured according to the method used in Working Example 5 with 
the amounts of the added components unchanged. The carrier silicon sol had a colloidal particle 
diameter of 5 nm, concentration of 25% (weight percent), pH of 8, and other specifications the 
same as in Working Example 5. When a catalyst was manufactured according to the method in 
Working Example 5, it was found that the viscosity was comparatively high, that spray forming 
was comparatively difficult, and that catalyst loss was comparatively large. 

The specific surface area of the manufactured catalyst was 21 m 2 /g, the packaged density 
was 0.85 g/mL, and the anti-abrasion strength was 3.8%. The activity evaluation conditions were 
the same as in Working Example 1. The results were as follows: 

propylene conversion rate: 98.0% 

acrylonitrile yield per pass: 80.6% 

acrylonitrile selectivity: 82.2% 

From this working example it can be seen that when the colloidal particles of the silicon 
sol are too small, there is a major effect on the physical properties of the catalyst, but the effect 
on catalytic activity is not large. Excessively low catalyst packaged density affects normal 
operation of the fluidized bed reactor and also makes manufacture of the catalyst difficult. 

Working Example 7 

A catalyst was manufactured according to the method used in Working Example 5 with 
the amounts of the added components unchanged. The carrier silicon sol had a colloidal particle 
diameter of 200 nm; other specifications were the same as in Working Example 5. 

The specific surface area of the manufactured catalyst was 23 m 2 /g, the packaged density 
was 7.0 g/mL, and the anti-abrasion strength was 3.8%. The activity evaluation conditions were 
the same as in Working Example 1. The results were as follows: 

propylene conversion rate: 98.3% 

acrylonitrile yield per pass: 79.8% 

acrylonitrile selectivity: 8 1 .2% 

From this working example it can be seen that when the colloidal particles of the silicon 
sol are too large, the catalyst has poor anti-abrasion properties and is not suitable for use in a 
fluidized bed reactor. 



Working Example 8 

A catalyst was manufactured according to the method used in Working Example 4 with 
the amounts of the added components unchanged from those in Working Example 4. The carrier 



silicon sol had a colloidal particle diameter of 80 nm; other specifications were the same as in 
Working Example 4. 

The specific surface area of the manufactured catalyst was 28 m 2 /g. The activity 
evaluation conditions were the same as in Working Example 1 . The results were as follows: 



From this working example it can be seen that, although the diameter of the colloidal 
particles is within the stipulated range, the specific surface area is too large so that acrylonitrile 
selectivity drops, and a comparatively large amount of carbon dioxide is produced during the 
reaction. 

If the roasting temperature of the catalyst of this working example is increased to 750°C 
and the roasting temperature changed to 45 minutes, the specific surface area of the 
manufactured catalyst is 22 m 2 /g. With activity evaluation conditions the same as in Working 
Example 1, the results were as follows: 

propylene conversion rate: 97.6% 

acrylonitrile yield per pass: 80.5% 

acrylonitrile selectivity: 82.5% 

This working example demonstrated that even though the particle diameters of the silicon 
sol were within the stipulated range, the diameters were not the same and that it is also necessary 
to adjust the roasting conditions to obtain the optimal results. 



propylene conversion rate: 
acrylonitrile yield per pass: 
acrylonitrile selectivity: 



99.0% 



76.4% 



77,2% 
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